ine-wire external fixation is accepted as a minimally invasive technique, which can provide better outcomes than traditional open methods in the management of complex fractures of the tibial plateau. Available fixators vary in their biomechanical stability, and we believe that a stable beam-loading system is essential for consistently good outcomes. We assessed, prospectively, the clinical, radiological and general health status of 20 of 21 consecutive patients with complex fractures of the tibial plateau who had been treated using a standard protocol, with percutaneous screw fixation and a neutralisation concept with a fine wire beam-loading fixator allowing early weightbearing.
Complex fractures of the tibial plateau are bicondylar fractures (AO type C1, C2 or C3) with considerable displacement associated with either an open wound or a severe softtissue injury of grade II or III. 1 They usually occur as a result of high-energy trauma, but in the elderly may follow F minimal trauma. Both the complexity and the soft-tissue disruption of this subgroup of fractures contribute to the high rate of unsatisfactory results which follow both nonsurgical and surgical management. [2] [3] [4] [5] [6] [7] Extensive exposure is required for plate fixation, necessitating dissection through compromised soft tissue with high rates of infection which vary from 20% to 80%. 2, 3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] There are cogent arguments for a minimally invasive technique using percutaneous reduction and fine-wire external fixation which reduces the rate of infection while achieving stable fixation. [26] [27] [28] There is little agreement in the literature about which type of fine-wire fixators should be used and whether they should be ring-bar or all-ring fixators ( Fig. 1 ), since different designs provide different levels of biomechanical support. 7, 14, 18, 20, [29] [30] [31] [32] [33] [34] A number of studies have reported the outcome of the treatment of complex fractures of the tibial plateau using fine-wire fixation, but most included heterogeneous groups and the design of the fixator and surgical technique varied to an extent that may have influenced the results (Table I) . 14, 29, 33, 35 Therefore drawing a conclusion from these series is difficult. 7, 14, 18, 20, 28, 29, 31, 33, [35] [36] [37] Furthermore, these studies focused on the clinical assessment of the knee and not on the general health outcome of patients.
Our aim therefore was to assess, prospectively, the clinical, radiological and general health status of patients with complex fractures of the tibial plateau. All were treated using a standard protocol, with a consistent construct of an all-ring external fixator.
Patients and Methods
We studied, prospectively, 21 consecutive patients with complex fractures of the tibial plateau. Inclusion criteria consisted of a bicondylar fracture (AO type C1, C2 or C3) with displacement exceeding 5 mm of depression of the articular surface or more than 10˚ angulation, associated with either an open wound or a severe soft-tissue injury. Exclusion criteria included patients who were not fully mobile before their injury. All were acute fractures apart from one, which was six weeks old following failed plating.
The patients were treated according to a prospective protocol which consisted of: 1) preoperative CT scan guided planning;
THE JOURNAL OF BONE AND JOINT SURGERY 2) closed or mini-open reduction to reconstruct the articular surface under image intensifier control, followed by percutaneous interfragmentary cannulated screw fixation;
3) neutralisation with the Sheffield Ring Fixator (SRFOrthofix SR) which involves four 2 mm tensioned wires attached to one 2/3rd ring proximally and three large pins (6 mm) attached to a 2/3rd ring distally; 4) immediate wound debridement for open fractures, and stabilisation with a temporary cross knee monolateral external fixator. This is changed at definitive surgery to the SRF fixator; and 5) early knee movement and mobilisation with touch weight-bearing in the first week after operation, progressing to full weight-bearing as tolerable between three and six weeks.
Closed reduction was used in 18 patients. The other three patients required mini-open incisions to assist reduction and to insert autogenous bone graft.
The mean age of the patients was 57 years (20 to 90). Most of the fractures (14) were the result of high energy trauma; ten following road-traffic accidents (RTA) and four after falls (Table II ). The other six followed moderateenergy trauma caused by a simple fall in elderly patients. Five were open fractures, three Gustilo grade IIIA, and two IIIB. 38 All were bicondylar according to the AO classification. There were five type-C1, six C2 and ten C3. Nine patients sustained associated fractures.
The bone mineral density (BMD) at the hip and lumbar spine was measured by dual energy x-ray absorptiometry in 14 of 20 patients, and this was compared to age and gender matched control subjects, who were normal volunteers with no risk factors or evidence of osteoporosis. This comparison was undertaken in order to demonstrate that these patients were characteristic of the normal population. Outcome measurements. In order to compare our results with other published series, two knee-scoring systems were used, the Iowa knee score 4, 19 and the Rasmussen system. 1, 15, [39] [40] [41] [42] [43] [44] For radiological assessment we used a modified Rasmussen scoring system. 39 The preoperative, first postoperative and last follow-up radiographs were digitised to facilitate review and analysis of reduction and possible redisplacement. Failure of fixation was defined as loss of reduction exceeding 5 mm of redisplacement or more than 10˚ angula- 36 18
Monticelli-Spinelli (circular frame) 47 Not specified Kumar and Whittle 35 57 Ilizarov and hybrid 44 3 mths Table II *H, high; L, low †M, Multiple; I, isolated ‡full weight-bearing tion in either the coronal or sagittal planes. 45 Long-film radiographs for assessment of the mechanical axis of the limb were taken and compared with those of the contralateral normal limb in order to measure malalignment. Post-traumatic osteoarthritis (OA) was assessed on the most recent radiograph, on the basis of narrowing of the joint space, subchondral sclerosis, cysts and osteophytes. 39, 46 The anglicised SF-36 was used for general health assessment. 47, 48 Operative technique. Under image intensifier control, we assembled the fixator with two 2/3 rings connected by three 8 mm threaded rods placed anterolaterally, posterolaterally and posteromedially (Fig. 2) . We reduced the fracture closed, using ligamentotaxis and if necessary, applied distraction either with an AO distractor or using an additional femoral ring. Where required, we manipulated the fragments of the fracture into place with percutaneous Kirschner wires or large bone-holding forceps. Occasionally, a small incision was used to disimpact a depressed fragment and to fill the gap with bone graft. Subchondral interfragmentary screws were inserted to hold the main fragments. Once articular congruity was restored, an external fixator was constructed as a neutralising device with four tensioned Kirschner wires inserted in the proximal ring to support the reconstruction of the plateau. Restoration of the mechanical axis was checked under image-intensifier control using the alignment grid. 22 The proximal tibial wires were inserted at least 16 mm distal to the knee and therefore were always extracapsular. This reduces the risk of septic arthritis associated with pin-tract infection.
In six fractures, due to severe comminution or osteoporotic bone, the external fixator was extended across the knee, using two screws and a Sheffield clamp attached to a single ring (Fig. 3) . This ring was usually removed after six weeks to avoid stiffness of the knee and may have been disconnected earlier for short periods of physiotherapy.
Postoperatively the patients received intravenous antibiotics for 24 hours and performed immediate passive knee movement with a continuous passive motion machine and active exercises with the help of a physiotherapist. We encouraged them to mobilise the knee on the first day after operation and to walk touch weight-bearing within the first week, assuming that they had no other injuries. They progressed from partial to full weight-bearing between weeks three and six. In some elderly patients, who were unable to comply with restricted mobilisation, early weight-bearing was allowed. We removed the fixator in the outpatient department after confirming clinical and radiological union (Fig. 2) .
Results
One patient was lost to follow-up. The remaining 20 were assessed clinically and radiologically (Table II) with a mean follow-up of 30 months (18 to 51). All achieved bony union and tolerated the frame satisfactorily. The mean fixator time was 18 weeks (8 to 24) unless a corrective osteotomy was undertaken; with corrective osteotomy the time in the fixator was 40 weeks (case 14). Weight-bearing. Twelve patients (60%) started full weightbearing between three and six weeks after operation. In eight patients who had other injuries, weight-bearing was delayed because of ipsilateral fractures or further surgical procedures on the same leg. Knee movement. Two patients had a fixed flexion deformity of 10˚. The mean knee flexion at the end of treatment was 112˚; 13 patients had a range of flexion from 0˚ to at least 120˚. Only three achieved flexion of less than 90 (  Table II) . Outcome scores. Using Rasmussen's functional and radiological scoring system, 16 and 17, respectively, out of 20, had satisfactory results. All the poor results were in the group who had cross-knee fixation reflecting both the Radiographs showing cross-knee fixation with the SRF for a comminuted bicondylar fracture of the tibial plateau. This was achieved with two 6-mm screws and a Sheffield clamp attached to a single ring in the distal femoral cortical bone. It may be used to provide initial ligamentotaxis to assist reduction.
THE JOURNAL OF BONE AND JOINT SURGERY severity of the injury and the delay in mobilisation of the knee. Of the 14 patients who had below-knee fixation, all achieved at least 90˚ of knee flexion at the end of treatment, with a mean of 123˚ compared with a mean of 84˚ in those who had cross-knee fixation (p < 0.05). These results were reflected in the Iowa functional score since the total mean score was 87; with 71 and 93 scored in the groups with or without cross-knee fixation, respectively (p < 0.05). Complications. One of the unsatisfactory results was in a patient (case 8) who presented late with wound necrosis after internal plate fixation and a failed gastrocnemius flap; she had cross-knee fixation and although considered to have a poor result she achieved successful limb salvage. Another unsatisfactory result was in a multiply injured patient (case 11) with a severely comminuted fracture which necessitated cross-knee fixation and resulted in stiffness and early osteoarthritis. She subsequently underwent total knee replacement. One patient (case 14) developed a deep-vein thrombosis. Superficial pin-track infection occurred in seven patients and all resolved with antibiotics; none led to deep infection or septic arthritis (Table II) . Reoperation. Further procedures were carried out in five patients; three (cases 9, 12 and 14) had angular deformities which were treated, while they were still in the frame, by osteotomy and progressive correction using hinges applied to the external fixator. Two of these deformities occurred during treatment and the third was an established diaphyseal malunion which was corrected as part of the initial procedure. All these patients had satisfactory results. One arthroscopic arthrolysis was undertaken for a stiff knee (case 13). The fifth patient (case 19) had significant stiffness due to a Pelligrini Steidia lesion which was excised with improved knee flexion to 125˚. Radiological outcome. Redisplacement occurred in four severely comminuted fractures (cases 8-11). Two were in patients who had been treated by cross-knee fixation. Both had depression of more than 5 mm and valgus of more than 10˚. The other two had good results after corrective osteotomy while still in their fixator. Most final radiographs showed some degenerative changes reflecting the age of the patients (Table II) . SF36 questionnaire. A total of 18 patients completed the SF36 general health questionnaire. One (case 11) who had a total knee replacement was excluded, and one (case 19) failed to comply. The group was compared with an age-and gender-matched cohort from the published values. 49 The mean scores for all eight domains were lower in the study population than in the controls (Table III) , but only two domains, physical function and pain, reached statistical significance at a level of p = 0.006 and p = 0.045, respectively, using the SPSS t-test for paired samples (SPSS for Windows; version 10.0). Assessment of bone quality. This revealed that all patients had a marginally lower BMD of the hip or spine, compared with an age-and gender-matched control group indicating that having good bone quality was not an advantage (Table  IV) (BMD spine p = 0.04; BMD hip p = 0.01; paired t-test).
Discussion
The use of external fixation as a minimally invasive technique in the management of complex fractures of the tibial plateau has evolved during the last two decades. 7, 13, [18] [19] [20] 28, 30, 31, 37 Satisfactory results have been reported using various configurations of fine-wire external fixators. 7, 18, 20, [28] [29] [30] [31] 33, 36, 37, 50 Most of these studies, however, have neither clearly described the design of the fixators nor the exact technique of their application. 14, 29, 33, 35 This is the first report of the clinical, radiological and generic outcomes of the treatment of a homogenous group of patients with complex fractures of the tibial plateau, all of whom had the same protocol of treatment and rehabilitation and who were followed up and assessed according to validated methods of measuring outcome. All had a bicondylar fracture with severe displacement and considerable associated soft-tissue injury. These complex fractures are very unstable and require rigid fixation with minimal soft-tissue dissection. They were, therefore, treated using one design of external fixator and consistent configuration with the same number of rings, wires and pins applied, using a standard technique as a neutralisation system and followed up with a uniform rehabilitation programme. The standard nature of the technique allows more predictable outcomes, in contradistinction to other published studies concerning the treatment of these fractures using external fixation, in which systems were used with variable configuration and different techniques of application. 14, 29, 33, 35 Our results showed a satisfactory outcome in 80% of those patients whose BMD was similar to that of an ageand gender-matched control group.
The technique of fixation should aim to stabilise the fracture in such a way that early mobilisation of the knee and weight-bearing may be allowed without prejudice to the articular reconstruction, the alignment of the leg or the time to union. 30, 32, 51 The tensioned wires in the subchondral bone function as a scaffold supporting the tibial plateau, allowing the transfer of load through the device to the distal diaphysis. Furthermore, when wires are used on at least one side of a fracture, self-stiffening occurs during loading, which may be beneficial to healing of the fracture. 34 It is important to emphasise that the use of wires does not automatically confer beam-loading support to the bone since ring-bar fixators do not distribute the load equally to both the medial and lateral plateaux. This can only be achieved with the all-ring frame designs (Fig. 1) . Further disadvantages of the ring-bar fixators are the inability to dynamise the fixator easily, and the difficulty in adjusting the frame to allow correction of alignment or lengthening. These manoeuvres can easily be done using the all-ring fixators. 30 Although full weight-bearing is beneficial, most surgeons do not advise it in patients with complex fractures of the tibial plateau for at least three months after operation in an effort to avoid failure of fixation or loss of reduction of the fracture (Table I) . 9, 10, 27, 30 Inevitably, as our study shows, some patients with these complex fractures are elderly and in this group, because of mental, medical or physical limitations, the complications of immobilisation could outweigh the risks of failure of fixation. 52 Furthermore, restricted weight-bearing may be impractical, and many of these patients will walk fully weight-bearing regardless of the instructions given. 45 Therefore, we elected to allow our patients to start weight-bearing at three weeks and alignment was maintained in most of them. If, however, loss of reduction does occur, an important advantage of using the ring external fixation is the ability to carry out an early corrective osteotomy with the frame still in place. This occurred in two patients, both of whom had a good final result. In a further patient, an osteotomy at the site of a previous malunion was carried out at the time of fixation of the fracture in order to restore the alignment of the limb.
A further advantage of ring external fixation is the ability to cross the knee in patients with severely comminuted fractures in which the reconstructed articular surfaces are not stable enough to allow mobilisation of the knee. It is possible to improve the stability by temporarily placing the fixator across the knee for a maximum of six weeks, thereby reducing the forces on the articular surface and lessening the risks of loss of reduction.
The aim of surgery is to restore function and improve the quality of life. It is important to assess the effect of these severe injuries and their treatment on the daily life of the patients. [53] [54] [55] Our study is the only report which addresses the well-being of these patients treated by fine-wire fixation; Marsh et al 19 assessed it in a group of patients who were treated with monolateral external fixation They reported "moderate correlation" (no figures given) between SF36 domains and the Iowa knee score and as in our patients, the strongest correlation was for physical function. 49, 56 The limitations of our study include the lack of a control group and the relatively small numbers. Three particular points are worthy of emphasis, namely, the need for strong beam-loading support, the ability to cross the knee when necessary, and the opportunity to correct residual deformity during treatment.
In summary, the technique of beam-loading fine-wire fixation applied in neutralisation, gave reliable fixation allowing 60% of patients to start full weight-bearing in the first six weeks and this may have contributed to the high rate of good results (85%). The modularity of this fixator allows both fixation across the knee and corrective osteotomy, both of which may be important in the management of these difficult injuries. It is well suited to the treatment of complex fractures of the tibial plateau in which the severity of comminution and displacement combined with the associated soft-tissue damage distinguish them from other fractures of the tibial plateau.
